Purpose: To assess whether rheumatoid arthritis (RA) is associated with a greater risk of adverse events following total knee replacement (TKR) and total hip replacement (THR) than osteoarthritis (OA). Patients and methods: Individuals with a diagnosis of RA or OA were identified using primary care records. TKR and THR following diagnosis were identified using linked hospital records. Myocardial infarction (MI), prosthetic joint infection (PJI), venous thromboembolism (VTE), and death were identified within 90 days following surgery, and revision procedures over 10 years following surgery. The impact of RA compared to OA on the risk for these adverse events was assessed using Cox proportional hazard models. Univariable models, with diagnosis as the only explanatory variable, and multivariable models, with age, gender, and year of surgery first added and then a measure of other comorbidities also included, were estimated. Results: In all 20,763 individuals, with 10,260 TKR and 10,961 THR, were included in the analysis. Compared to those with OA, individuals with a diagnosis of RA had a greater incidence of MI over 90 days following TKR (OA: 0.28%, RA: 0.75%) and revision over 10 years following THR (OA: 5.55%, RA: 8.68%). Both of these differences were statistically significant with, for example, hazard ratios of 3.54 (1.44 to 8.73) for MI and 1.61 (1.06 to 2.46) for revision after controlling for age, gender, year of surgery, and other comorbidities. Conclusion: These findings suggest that, compared to individuals with OA, those with RA have an increased short-term risk of MI following TKR. While risk of MI remains below 1%, this does underline the importance of the management of cardiovascular risk factors for those with RA. RA was also associated with an increased long-term risk of revision following THR, which strengthens the argument for investing in therapies which may prevent the need for joint replacement.
Introduction
Total knee replacement (TKR) and total hip replacement (THR) typically result in substantial improvements in pain, function, and overall quality-of-life. 1, 2 As with any surgical procedure, however, there is a risk of adverse events. Potential perioperative complications for joint replacement include myocardial infarction (MI), venous thromboembolism (VTE), prosthetic joint infection (PJI), and even mortality. In addition, there is a long-term risk of revision following surgery, in which implant components are removed, added or exchanged.
Risks of adverse events following TKR and THR have mostly been estimated for individuals with osteoarthritis (OA), with OA being the most common indication for surgery. A sizeable minority of patients undergoing TKR and THR, however, have inflammatory arthropathies, of which the most common is rheumatoid arthritis (RA). Outside of surgery, RA has been linked with increased risks for a range of health conditions. It is well-established that individuals with RA have an increased risk of cardiovascular disease (CVD), in particular ischemic heart disease, and related mortality compared to the general population. [3] [4] [5] In addition, while the evidence is less conclusive, RA has also been linked with an increased general risk of VTE 6 and a greater susceptibility for serious infections, due to both the disease itself and immunosuppressive treatments. 7 While it is plausible that individuals with RA would also be at a higher risk of adverse events following joint replacement compared to those with OA, this relationship is not well understood. In this study, therefore, we assessed whether RA is associated with a greater risk of adverse events following TKR and THR compared to OA.
Ethical approval
Approval for the study was granted by the CPRD Independent Scientific Advisory Committee.
Patients and methods Data
Routinely-collected data from the English National Health Service (NHS) informed the analysis. Primary care practices within the Clinical Practice Research Datalink (CPRD) were linked to inpatient hospital records, provided by Hospital Episode Statistics Admitted Patient Care (HES APC), and mortality data, from the Office for National Statistics (ONS). HES APC data were extracted from 1997, the earliest year available, to 2014. CPRD data were extracted from 1995 to 2014 while ONS records were extracted from 1997 to 2014 to match HES APC.
Study participants
Individuals were identified separately for procedures relating to the knee and hip. For TKR, individuals with an incident (newly recorded) diagnosis of RA or knee OA were identified on the basis of clinical codes in CPRD. The first occurrence of a TKR following the index diagnosis was then identified using HES APC. A similar process was used for inclusion in the analysis of THR, with individuals required to have an incident diagnosis of hip OA or RA followed by the procedure.
Where an individual had a diagnosis of both RA and OA, it was not possible to determine which of their diagnoses drove the decision for joint replacement. As RA is a systemic inflammatory disease it was taken as the index diagnosis for the analyses.
Bilateral TKRs or THRs, where both the left and right joint were replaced simultaneously or staged, were excluded from the analysis due to the difficultly in establishing an appropriate time window and attributing adverse events as side of surgery was not consistently recorded. As the cohorts were established independently, the same individual could contribute both a TKR and a THR in the analysis.
In addition to identifying diagnoses, CPRD records also provided information on an individual's gender and year of birth. HES APC records contained information on individuals' primary procedure (TKR or THR), with the date of the procedure used to identify the year of surgery and, given an individual's year of birth recorded in CPRD, age at surgery. Diagnostic codes recorded for the primary procedure in HES APC were used to calculate an individual's Royal College of Surgeons (RCS) Charlson comorbidity score. 8 
Adverse events
Adverse events over 90 days (VTE, PJI, MI, and death) and 10 years (revision) following TKR and THR were identified using HES APC records. VTE and MI were identified on the basis of the primary diagnoses codes from the hospital episode (a period of hospital care under one consultant) in which the joint replacement occurred or any subsequent episode within the specified follow-up. PJI was identified by the corresponding ICD code as the primary diagnosis of hospital episodes and a concurrent or subsequent operation code either debridement, antibiotics, irrigation, and retention of the prosthesis or revision within a year of the diagnosis. 9 Mortality records were based on data from the ONS.
Only incident adverse events were included in the analysis. If an individual had an event of interest recorded prior to their TKR or THR, they were excluded from the analysis of that event.
Statistical methods
The characteristics of individuals with an index diagnosis of OA or RA were compared in terms of standardized mean difference (SMD). An SMD of <0.1 indicates that there is minimal difference in the mean of a covariate between the two groups. 10 The number of adverse events over 90 days (VTE, PJI, MI or death) and 10 years (revision) following surgery and the corresponding cumulative incidence, which gives the probability of experiencing the event within the time period under Clinical Epidemiology 2018:10 submit your manuscript | www.dovepress.com
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RA and the risk of adverse events following joint replacement consideration before the occurrence of the competing risk of death (if mortality was not the adverse event in question), 11 were estimated. These were compared for individuals with an index diagnosis of OA and those with a diagnosis of RA.
Cox proportional hazards regression models were then used to assess the association between RA and observed adverse events over 90 days (VTE, PJI, MI or death) and 10 years (revision) following surgery, relative to OA. Aside from mortality itself, other adverse events had mortality as a competing risk. Cause-specific hazard ratios (HRs) were therefore estimated, along with 95% CIs, for non-fatal events and overall HRs for mortality. For each outcome, follow-up ended at the earliest of: a second TKR or THR, the end of data linkage with CPRD or date of data extraction, death, or transfer out. Models were only estimated if there were more than five events in the RA group.
Univariable models were first estimated with only diagnosis of RA or OA included. Subsequently, age, gender, and year of surgery were also included as explanatory factors. Finally, to control for the effect of other comorbidities on the risk of adverse events, the RCS Charlson score was also included (with codes for RA excluded to avoid double counting its effect). Further, the RCS Charlson score was dichotomized as 0 and 1+ due to relatively small numbers of patients with multiple comorbidities. Proportionality was considered through a visual assessment of Schoenfeld residuals.
Data analysis was undertaken in R 3.3.1, 12 with dplyr 13 used for data manipulation, survival 14 for fitting regression models and ggplot2 15 for producing cumulative incidence plots.
Sensitivity analyses
A sensitivity analysis was undertaken where adverse events were considered over the year following joint replacement, rather than within only the first 90 days. The analysis was also re-run excluding individuals who had both a diagnosis of RA and OA recorded.
Results
Study participants
In all 20,763 individuals informed the analysis with 458 contributing to both the TKR and THR analyses. In total, 10,260 TKR (9,409 knee OA and 851 RA) and 10,961 THR (10,322 hip OA and 639 RA) were included. A flow chart summarizing inclusion into the study is provided in the Supplementary materials. Individuals' characteristics are detailed in Table  1 . The number and cumulative incidence of adverse events following TKR and THR are detailed by diagnosis in Table   2 . As there were fewer than five events for those with RA, regression models were not estimated for PJI following TKR and THR and MI following THR. The cumulative incidences of revision over 10 years following TKR and THR are shown in Figure 1 .
Adverse events following TKR
There was a higher incidence of MI over the 90 days following TKR among individuals with RA compared to those with OA (RA: 0.75%, OA: 0.28%), ( 
Adverse events following THR
There was a higher incidence of revision over the 10 years following THR among individuals with RA compared to those with OA (RA: 8.68%, OA: 5.55%), ( 
Discussion
Key results
Individuals with a diagnosis of RA had a greater incidence of MI over 90 days following TKR compared to those with OA 
Study findings in context
In our study, a prior diagnosis of RA was not associated with significant differences in the risk for VTE over 90 days or 1 year following TKR or THR. Previous studies have also found patients with RA not to be at a significantly increased risk of VTE following joint replacement compared to those with OA. 16, 17 While estimates were not significant in this study, 
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Burn et al younger age at surgery has previously been associated with a significantly lower risk of VTE following THR. 17 In this study, there were insufficient cases of PJI to assess whether there was a significant difference between those with OA and RA. However, previous research has found RA to be associated with an increased risk of PJI compared to OA. Over the year following surgery, for example, RA was found to be associated with sub-hazard ratio (SHR) of 1.46 (1.13-1.88). 18 This increased risk could be caused by a reduced immune system response due to RA or by the immunosuppressive treatments being taken. 19 Younger age at surgery and additional comorbidities have previously been associated with a significantly lower risk of infection following THR. 17 A prior diagnosis of RA was associated with a significantly increased 90-day risk of MI following TKR compared to OA in our data. There were too few cases of MI, however, to estimate whether there was a difference following THR. Despite the high cardiovascular risk profile of RA patients, and the known peak in risk of MI following joint replacement, 20 few studies have assessed whether those with RA are at higher risk of cardiovascular events following joint replacement compared to those with OA. One study, however, previously found RA to be associated with an increased risk of cardiovascular death within 6 weeks of joint replacement compared to those without a diagnosis of OA, (odds ratio [OR] of 1.50 [0.96-2.33]). 21 In line with the findings from this study, older age and comorbidities have also previously been found to be associated with significantly higher risks of cardiac events following both TKR and THR. 22 In this analysis, we found no significant increase in risk of mortality over 90 days following either TKR or THR for those with RA. RA, however, was associated with significantly higher mortality over 1 year following THR. RA has been found to be associated with an increased risk of mortality over 90 days following THR 18 following joint replacement in general. A diagnosis of RA is also associated with increased risk of mortality compared to OA in general. 23 Consequently, the increased risk observed following surgery for RA is not necessarily attributable to the receipt of surgery but may reflect underlying differences in baseline risk of mortality. Consistent with the findings from this study, older age, comorbidities, and male gender have been found to be associated with an increased risk of 90-and 45-day mortality following THR and TKR, respectively. 24, 25 We found RA, compared to OA, to be associated with a significantly increased 10-year risk of revision following THR. RA has previously been associated with an increased risk of hip dislocation following THR. 26, 27 Hip dislocation, one of the most common reasons for early revision following THR, may explain the increased risk of revision estimated 18 and also an increased risk of revision for infection following TKR (relative risk: 1.6 [1.06 to 2.38]). 29 The effect of RA therefore seems to vary depending on the reason for revision. Moreover, the mixed findings regarding long-term risks of revision have likely been influenced by study design and, in particular, whether the competing risk of mortality was accounted for. Aside from a recent study, 18 the competing risk of mortality has not been taken into account in most previous analyses. In line with previous studies, younger age at surgery was associated with an increased risk of revision following both TKR and THR. 30 Male gender was associated with an increased risk of revision following TKR in this study and has previously been associated with an increased risk following both TKR and THR in the UK. 31 
Strengths and limitations of this study
This study was informed by routinely collected data. The primary concern with such data is typically the accuracy of coding, given that data collection is not undertaken primarily for research purposes. Where possible, therefore, validated codes were used in this study. However, while the codes used to identify diagnoses of RA in CPRD have previously been validated, 32 the OA codes have not. It can be expected that although the specificity of OA diagnosis will have been high, given that individuals went on to have joint replacement, the sensitivity may have been less so. Consequently, there is a concern as to how representative those with OA in this study are of the population in general.
Despite the potential limitations, the key strength of this study was the use of linked primary care and hospital data. This allowed for the identification of diagnoses using primary care data and procedures and subsequent adverse events from hospital records. In addition, the use of routinely collected data has allowed for the inclusion of a large "real-world" study population, sufficient to test for important differences in risks of rare adverse events.
Study implications
Individuals with RA are at increased risk of MI over 90 days following knee replacement compared to those with OA. As with the general increased risk of cardiovascular events for those with RA, this is likely due to both the nature of the disease itself and medications used in its treatment. While in absolute terms the observed incidence of MI remained <1%, this finding underlines the importance of the management of cardiovascular risk factors for those with RA, for example through the use of anti-TNF and methotrexate treatments, particularly prior to TKR. 4 Compared to OA, RA has also been found in this study to be associated with an increased risk of revision over the 10 years following THR. With a cumulative incidence of over 8% for those with RA, compared to 5% for those with OA, the additional revisions represent a significant cost to providers and burden of ill-health for individuals. This will only strengthen the argument for investing in available therapies which may delay or entirely prevent the need for joint replacement for those with RA.
Data access and data sharing
CPRD data with HES linkage were provided under a license that does not permit sharing. Data are obtainable from CPRD subject to a full application.
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